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SUMARY
Narrow-leaved ash (Fraxinus angustifolia subsp. oxycarpa Vahl.) is a source of valuable wood in Europe and plan-
tations produce high yields in Turkey. Initial planting density plays an important role in plantation silviculture 
and affects the growth and quality of trees as well as establishment costs. This study aimed to determine the ten-
year effects of initial planting density on tree growth and quality of narrow-leaved ash. In 2004, three replications 
of four initial planting densities (1111, 1667, 2500 and 3333 stem ha–1) were established in a randomized block 
design in Adapazarı, Turkey. After ten growing seasons, no mortality was seen in all of four planting densities. The 
initial planting density had no effect on mean stem diameter; however, with the initial planting density increase 
from 1111 to 3333 stem ha–1, mean tree height was significantly increased and live crown ratio decreased. The H/D 
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soil (Pliura 1999). In addition, until full canopy closure oc-
curs, seedlings in these bottomlands have competition from 
very dense, tall (1.5‒2.0 m) weeds (Çiçek et al. 2007). It is 
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reported that some ash species (F. excelsior and F. angusti-
folia) are very sensitive to weed competition (Evans 1997; 
Kerr 2003; Boshier et al. 2005; Çicek et al. 2010). Neverthe-
less, narrow-leaved ash  exhibits the ability for fast growth, 
and the mean annual increment of stem wood over bark in 
Turkey can reach about 23 m3 ha–1 and 15 m3 ha–1 in plan-
tations and natural stands, respectively (Kapucu et al. 1999). 
In Turkey, almost all of the natural narrow-leaved ash dom-
inated bottomland forests have been converted to pure nar-
row-leaved ash plantations over the last 60 years. The con-
version is concentrated in the Adapazarı region, where the 






tant to ensure optimal planting density in these plantations. 
Initial planting density is the most essential factor in deter-
mining the stocking, tree growth and quality, rotation pe-
riods, and management costs of a plantation establishment 
(Boydak 1992; Savill et al. 1997).
In Europe, the trend to use spacing of 3.0 × 3.0 m in broad-
leaved species has been reportedly increasing recently; how-
ever, in plantations of trees like ash, oak and beech, a plant-
ing density of at least 2500 stems per hectare is recommended 
in order to produce high-quality logs (Kerr 1995; Evans 
1997; Boshier et al. 2005; Kuehne et al. 2013).  During the 
artificial regeneration of narrow-leaved ash  stands or the 
establishment of new narrow-leaved ash  plantations in the 







lished before 1980 produced better quality trees than the 
plantations established in later years (Çiçek and Yilmaz 
2002b; Çiçek 2004). 





tion), it is very important in silvicultural practice to deter-
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ing on the seasonal rainfall (Çicek et al. 2010).
Experimental Design and Initial Planting Density – 













cm above the root collar at the end of the second year. In 




stumped seedlings (Çicek and Tilki 2007).
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of stem volume and aboveground dry biomass. After the 
branches were stripped from the stem, diameters were mea-

























where, q is the form quotient, d1.30 the diameter at breast 
height (cm), and d3.30 and d5.30 the tree diameters (cm) at 
3.30, 5.30 m… of tree total height.                                      














and branch dry biomass.
Volume and aboveground dry biomass equations for indi-
vidual trees depending on the DBH were obtained by re-
gression analysis for all initial planting densities (Table 2). 
These selected models were used to estimate the volume 
and dry biomass of the remainder of the trees.
Figure 1. A view from the initial planting density of 3333 (left) and 1111 (right) tree per hectare at the narrow-leaved ash  experimental site in 
2015. Since the canopy cover was not fully closed in the 1111 tree per hectare initial planting density, weeds under the lover planting density 
seem to be taller and thicker than with the higher planting density.
Slika 1. Pogled na početnu gustoću sadnje 3333 (lijevo) i 1111 (desno) stabala po hektaru na pokusnoj plohi poljskog jasena 2015. godine. Pošto sklop 
krošanja nije bio u potpunosti zatvoren pri početnoj gustoći sadnje od 1111 stabala po hektaru, korov U slučaju niske gustoće sadnje izgleda viši i deblji 
nego kod visoke gustoće sadnje.
Table 1. Initial planting density used in the narrow-leaved ash trial in 
Adapazari, Turkey
Tablica 1. Početna gustoća sadnje u pokusu s poljskim jasenom u Adapaz-
ari, Turska
Initial planting density 
Početna gustoća sadnje     





Prostor rasta                   
(m2 tree-1) (m2 stablo -1)
1111 3.0 × 3.0 9.0
1667 3.0 × 2.0 6.0
2500 2.5 × 1.6 4.0
3333 2.5 × 1.2 3.0
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Ten years after planting, tree mortality had not occurred in 
any of the initial planting density treatment plots. 
Tree Growth – Rast stabla
The initial planting density had no significant effect on the 
mean diameter, and the mean diameter for all planting 
densities was approximately 7.0 cm (P >0.05). The mean 
DBH values according to initial planting densities are gi-
ven in Table 3. Mean tree height increased with increasing 
initial planting density. The mean tree height in the initial 
planting density of 3333 stem ha-1 was 9.6 m, 25% higher 
than in the planting densities of 1111 and 1667 stem ha-1 
(Table 3).
Table 2. Equations of stem volume and aboveground dry biomass depending on the DBH, according to initial planting density.
Tablica 2. Jednadžbe volumena debla i nadzemne suhe biomase ovisno o prsnom promjeru vezano za početnu gustoću sadnje
Initial planting density 
(stem ha-1)









Stem volume (V) Volumen debla (V)
1111 5.0-9.5 0.915 <0.001
1667 4.0-12.3 0.890 <0.001
2500 3.6-8.0 0.870 <0.001
3333 5.0-11.0 0.926 <0.001
Aboveground dry biomass (AB) Nadzemna suha biomasa (AB)
1111 5.0-9.5 0.784 <0.001
1667 4.0-12.3 0.857 <0.001
2500 3.6-8.0 0.864 <0.001
3333 5.0-11.0 0.620 <0.001
In models: V is the volume with bark (m3), DBH is the diameter at breast height (cm), and AB is the aboveground dry biomass (kg).
U modelima: V je volumen s korom (m3), DBH je promjer na prsnoj visini (cm), a AB je nadzemna suha biomasa (kg)
Table 3. Effects of initial planting density on stem diameter, tree height, ratio of height-diameter, live crown ratio, volume and form quotients (q) 
of narrow-leaved ash  trees after 10-year growth
Tablica 3. Utjecaj početne gustoće sadnje na promjer debla, visinu stabla, omjer između visine i promjera, omjer žive krošnje, koeficijenti volumena i ob-
lika (q) na stablima poljskog jasena nakon 10-godišnjeg rasta
Initial planting density       
(stem ha-1)














Volumen q3.30 q5.30 d5.30/d3.30
cm m m cm-1 dm3
1111 7.03 (0.32) a* 7.68 (0.21) a 1.10 (0.04) a 0.75 (0.01) c 19.27 (3.01) a 0.69 (0.02) a 0.51 (0.02) a 0.75 (0.04) a
1667 7.10 (1.33) a 7.60 (0.88) a 1.08 (0.08) a 0.73 (0.03) c 17.93 (9.32) a 0.66 (0.05) a 0.40 (0.13) a 0.59 (0.16) a
2500 6.90 (0.01) a 8.89 (0.13) ab 1.29 (0.02) b 0.63 (0.01) b 21.47 (2.20) a 0.68 (0.05) a 0.47 (0.08) a 0.68 (0.06) a
3333 7.16 (0.18) a 9.59 (0.94) b 1.34 (0.11) b 0.57 (0.03) a 20.12 (1.95) a 0.77 (0.03) b 0.60 (0.04) a 0.77 (0.03) a
P-value 0.972 0.028 0.008 <0.0001 0.8790 0.0246 0.0826 0.1745
*Values shown with the same letter in the column are statistically similar (P <0.05). The standard deviation is indicated in parentheses.
Vrijednosti prikazane s istim slovom u stupcu su statistički slične (P <0.05).  Standardno odstupanje je naznačeno u zagradama.
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4.5 m and 12.2 m, regardless of the planting density. 
Volume regression models for individual trees depending 
on the DBH were developed for each initial planting den-













Stem, branch and aboveground dry biomass at stand level 
were significantly affected by initial planting density (P <0.05; 
Figure 2B).  Stand level aboveground dry biomass in the 1111 
and 1667 stem ha-1 density treatments were not different sta-
tistically and lower than in the higher initial planting densi-
ties. The highest stand level aboveground dry biomass occu-





veground dry biomass at stand level at the density of 3333 
stem ha-1 (0.74) was higher than at the other initial planting 
densitys (0.72) (P <0.05; Figure 2B). 
Figure 2. Effect of initial planting density on stem and branch biomass level of individual tree (A) and stand (B). The averages shown with the 
same letter in the colors in the graph are similar (P <0.05).  The error bars indicate one standard deviation. 
Slika 2. Utjecaj početne gustoće sadnje na razinu biomase debla i grana pojedinog stabla (A) i sastojine (B). Prosjeci prikazani s istim slovom u bojama 
na grafikonu su slični (P <0.05).  Stupci s pogreškama prikazuju jedno standardno odstupanje.
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Tree shape – Oblik stabla 
The H/D ratios were not statistically different at the initial 
planting densities of 1111 and 1667 stem ha–1, and lower 
than the other initial seedling densities (Table 4). The H/D 




in initial planting densities from 1111 to 3333 stem ha-1, the 
difference between the spacing of 1111 and 1667 stem ha-1 
was not significant (Table 3).
There weren’t significant differences among the q3.30 of trees 
at initial planting densities of 1111, 1667 and 2500 stem ha-1, 
and they were lower than that at the planting density of 3333 
stem ha-1. The q5.50 and the d5.5/d3.30 ratios of trees at all initial 
planting densities were not statistically different (Table 3).
Branch characteristics – Karakteristike grana
Since self-pruning had not yet begun in the initial planting 
density of 1111 stem ha-1, there were no dead branches on 
the stems. The heights of the lowest dead branch of trees in 
the 2500 and 3333 stem ha-1 planting densities weren’t sta-
tistically different, and approximately 80% higher than that 
of the 1667 stem ha-1. There was no difference between the 
mean maximum diameter of dead branches in any of the 
initial planting densities except for the 1111 stem ha-1 den-
sity (P >0.05, Table 4).
Height to the lowest live branch increased with increasing 
initial planting density, but wasn’t different for the 1111 and 
1667 stem ha-1 planting densities (P >0.05). The height to 
the lowest live branch in the highest initial planting density 
was approximately 2.1 m greater compared to the planting 
densities of 1111 and 1667 stem ha-1. Mean maximum dia-
meters of the live branches in the initial planting densities 







higher initial planting densities. Although the light demand 
of narrow-leaved ash is high (Boshier et al. 2005), it can be 
noted that its tolerance to intraspecific competition is also 
high. In other studies, it has been reported that common ash 
(Fraxinus excelsior)  can survive under low light conditions 
for a long time compared to intolerant trees such as oak (Kerr 
1995; Kerr and Cahalan 2004; Kuehne et al. 2013).




among the trees due to their increasing number (Savill et 
al. 1997). Accordingly, a tendency toward decreased tree 
diameter is expected as the planting density increases (Hu-















Table 4. Effect of initial planting density on branch characteristics in narrow-leaved ash plantation 
Tablica 4. Utjecaj početne gustoće sadnje na karakteristike grana na plantažama poljskog jasena 





Height to lowest live 
branch (m)
Visina do najniže žive 
grane (m)
Mean maximum 
diameter of live 
branches (mm)
Srednji maksimalni 
promjer živih grana 
(mm)
Height to lowest dead 
branch (m)
Visina do najniže mrtve 
grane (m)
Mean maximum 
diameter of dead 
branches (mm)
Srednji maksimalni 
promjer mrtvih grana 
(mm)




1111 1.95 (0.13) a* 14.75 (1.59) a - - 0.37 (0.03) a
1667 2.10 (0.10) a 19.36 (0.32) b 1.23 (0.11) a 15.44 (0.39) a 0.39 (0.03) a
2500 3.29 (0.07) b 14.88 (0.33) a 2.51 (0.27) b 13.42 (3.12) a 0.35 (0.03) a
3333 4.14 (0.42) c 18.22 (1.59) b 2.3 (0.21) b 15.69 (2.45) a 0.34 (0.01) a
P-value <0.0001 0.006 0.002 0.291 0.202
*Values shown with the same letter in the column are statistically similar (P <0.05). The standard deviation is indicated in parentheses. 
Vrijednosti prikazane s istim slovom u stupcu su statistički slične (P <0.05).  Standardno odstupanje je naznačeno u zagradama. 
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ing space between the trees, the height of the trees may in-
crease (Kerr 2003; Pinkard and Neilsen 2003; Alcorn et al. 
2007; Kuehne et al. 2013) or remain unchanged (Mehari 
and Habte 2006; Andrzejczyk et al. 2015). As height growth 




















these ash species (Fraxinus excelsior and Fraxinus angusti-
folia) are very sensitive to weed competition, this may have 
been the cause of the differing results (Evans 1997; Kerr 
2003; Boshier et al. 2005; Çicek et al. 2010).  Çiçek et al. 
(2007) stated that the weed height was found to be 1.5‒2.0 
m and consequently, there was excessive weed competition 





ties (Figure 1). Kerr (2003) attributed the decrease of the 
mean diameter with increased spacing to weed competi-
tion.  
The stem volume and aboveground biomass of individual 
trees were similar in all initial planting densities, as was the 
mean diameter (Table 3). On the contrary, it has been re-
ported that with increased initial planting density, the stem 
volume of individual trees increased due to their diameter 
increase (Huang et al. 1999; Kerr 2003; Pinkard and Neil-







four times greater (Table 3). Similarly, in several studies, 
higher aboveground biomass levels were determined in the 
stands with higher initial planting densities (Neilsen and 
Gerrand 1999; Pinkard and Neilsen 2003; Guner et al. 
2010).
Tree shape – Oblik stabla
The H/D ratio is seen as an important indicator of the stem 
shape, especially for the bottom billet (Muhairwe 1999). 
An H/D ratio of 1.30 m cm-1 is critical for the stability of 
individual young broadleaved trees (Mosandl et al. 1991; 
Kuehne et al. 2013). A number of trees at the initial plant-




sity of 3333 stem ha-1 may fall below this H/D ratio. These 
results showed that the trees at planting densities of 3333 













The q3.30 of trees in the initial planting density of 3333 stem 
ha-1 was higher than in the others, but the q5.50 and the d5.5/
d3.30 ratios of the trees did not change according to initial 
planting density. This might indicate that the commercially 
important 3.30 m stem parts of the trees in the initial plant-
ing density of 3333 were more cylindrical than in the other 
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Branch characteristics – Karakteristike grana
The natural pruning ability of common ash is very high com-
pared to other broadleaved species such as beech and oak 
(Hein and Spiecker 2009). This high self-pruning ability is 
attributed to the high light demand of the ash leaves. Its low 





(height of clear bole), branch thickness and length. The size 
of the branches is largely controlled by the space they have 
in which to develop (Daniel et al. 1979). Live branches in 
























rowest and  the widest  spacing was 0.37 cm, while  this 
difference was greater  than 3.0 cm in the common ash 
(Kuehne et al. 2013). It can be said that at the initial plant-






established  in  lowland  stands,  and  in Turkey  they  are 
planted for the production of large-diameter and quality 
timber. Our results indicate that an initial planting density 
of 3333 trees per hectare should be applied for narrow-
leaved ash plantations in lowland sites with high weed com-
petition. Ash, perhaps as a silvicultural characteristic, can 
be more negatively affected by interspecific competition 
than by intraspecific competition. Initial planting densities 




planting density of 3333 trees per hectare (seedlings, plant-
ing, post-planting maintenance) will be higher; therefore, 
forest managers might instead prefer a planting density of 
2500 stems per hectare (2.5 × 1.6 m).
Although the trees in the planting densities of 2500 and 
3333 stems per hectare had reached the height and stem 
quality for the first thinning, no stand closure had occurred 
in the other initial planting densities. Thus, the first thin-
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